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Epidemiological studies and the experimental 
data of MCGREGOR & WILLIAMS (1978) in the 
Gambia have shown that, in areas endemic for 
malaria, humans acquire a partial immunity to 
malaria infection after repeated infections, as 
reflected, for example, by a decrease in the number 
of individuals with patent parasitaemia with age. 
There is evidence that humoral factors play a 
major role in this process. It has been shown, 
for example, that passive transfer of immuno- 
globulins from adults living in hyperendemic 
areas of West Africa can suppress the parasitaemia 
of children suffering from Plasmodium falciparum 
and P. malariae infections (COHEN et al., 1961). 
Some of these sera also inhibited the growth of 
erythrocytic forms of P. falciparum in vitro (WILSON 
& PHILLIPS, 1976). There have been a number of 
studies on the circulating malaria antigens recog- 
nized by the serum antibodies of individuals 
living in endemic areas (MCGREGOR et al., 1968; 
WILSON et al., 1975), but little is known about the 
antigens of I’.- faZci&rum erythrocytic forms which 
are recognized by these sera. The aim of this 
work is to identify the malaria antigens present 
in the various erythrocytic developmental stages of 
I’. falciparum and which are recognized by the sera 
of individuals with varying degrees of immunitv. 
An isolate of I’. - fa‘iciparum prepared -from 
parasitized blood of a European patient returning 
from Senegal (SGE 1) was adapted to in vitro 
culture according to the method of TRACER & 
JENSEN (1976). The culture was synchronized 
twice at 34-hour intervals by plasmagel sedimen- 
tation (REESE et al., 1979) and by incubation in 50/ 
manitol to lyse mature krythrocytic forms (LAME- 
ROS & VANDERBERG. 1979). The svnchronized 
culture showed more than ‘98% homogeneity for 
the successive developmental stages of P. falciparum 
(ring forms, trophozoites and schizonts). 
Synchronized cultures were sequentially pulse- 
labeiled for four hours with - 35S-methionine 
(specific activity: 239 TBq/mmol; 20 &i/ml of 
culture medium; 4% suspension of human RBC 
with 9:{, parasitaemia). Labelled parasitized RBC 
were harvested, washed twice in phosphate saline 
buffer and lvsed in seven volumes of 0.5% Nonidet- 
P40 in Tris NaCl-EDTA buffer. Theiysate was 
centrifuged at 20,000 g for 20 min at 4°C. 85 to 
90’>,, of the label was present in the supernatant 
and 8 to 15%, in the pellet. The supernatant of 
each stage-specific culture lysate was used as 
antigen source of the various P. falciparum eryth- 
rocytic stages. The total incorporation into 
TCA precipitable material was respectively O-7%, 
4*6”;, and 6.60/, in ring forms, trophozoites and 
schizonts and less than 0.1 :/o in normal RBC. 
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Supernatants of stage-specific culture lysates 
and of a non-synchronized culture lysate were 
analysed by SDS PAGE (LAEMMLY, 1970) followed 
by autoradiography (Fig. 1A). More than 40 
labelled polypeptides can be identified, most of 
which are common to the different developmental 
stages of P. falciparum. However, some of the 
labelled bands probably represent stage-specific 
proteins. Three polypeptides of apparent molecular 
weights of 100,96 and 76 k-daltons are predominant 
in ring form preparations. Five polypeptides of 
apparent molecular weight of 100, 96, 76, 68 and 
60 k-daltons are either predominant or specific 
for the trophozoite preparations. Polypeptides of 
220, 200, 137, 82 and 45 k-daltons are either 
predominant in, or specific for, schizont prepar- 
ations. 
Supernatants of NP-40 lysates containing 
35S-methionine-labelled P. falciparum proteins 
were used in double immunoprecipitation ex- 
periments (PERRIN et al., 1980). Two types of 
antisera were used as first antibody source: (a) 40 
immune sera from Africans living in endemic 
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areas for malaria (the Gambia and Tanzania); 
(b) 10 sera from Europeans recovering from a 
first attack of P. falciparum infection. 
The second antibody was replaced by protein A 
which precipitates antibody-antigen complexes. 
Identical numbers of TCA precipitable counts 
(250.000 cpm/min.) of the NP-40 supernatants 
from the different developmental stages of P. 
falciparum were used as stage-specific antigen 
source and the optimal concentration of each 
serum containing anti-l’. falciparum antibodies 
was determined in preliminary experiments. The 
washed immune precipitates were analysed by 
SDS PAGE followed by autoradiography. Fig. 
1B shows the results of one representative ex- 
periment, using three P. falciparum antigenic 
preparations labelled at various developmental 
stages and both types of human sera. The pattern 
of P. falciparum antigens precipitated by these 
two types of immune sera is representative of their 
respective groups. 
It clearly appears that both types of sera, (a) from 
Africans and (b) from Europeans recovering from a 
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Fig. 1A. Autoradiography of SDS PAGE of NP-40 supernatants of the various developmental stages of P.falciparum and of a non-synchronized 
culture labelled with 35S-methionine. Samples were diluted in starking gel buffer containing 2.5:: 2-mercaptoethanol and 1.5’:; SDS, boiled 
for 5 rnin at 8O’C and analysed on 7’ 5% polyacrylamide slab gels. A I’. fdciparum culture synchronized by two manitol treastments was divided 
into three 45 mm-petri dishes and used as the starting material for the ring, trophozoite and schizont preparations. The parasltaemia was 8’ 5’:, 
and a 50: suspension of RBC in 4 ml was used for each labelling experiment. The cultures were pulse-labelled at various intervals after the 
second treatment with manitol : from 3 to 7 hours (ring forms), from 16 to 20 hours (trophozoites) and from 28 to 32 hours (schizonts). Para- 
sitaemia was monitored with Giemsa-stained thin blood smears. 
Fig. 1B. Autoradiography of immune precipitates analysed by 7.5 “,I SDS slab PAGE. Two sera were used for the immunoprecipitation ex- 
periment : the serum from a European (lo inf.) 10 days after recovery from a first I’. falciparum infection treated with chloroquine, and the serum 
from an adult African (IS) from Kenaba village (the Gambia) situated in an area hyperendemic for malaria. The times of these two sera by 
indirect immunofluorescence on P. jalciparum-parasitized RBC fixed by acetone were respectively 1: 1024 and 1: 4096. The sera were used as 
first antiserum against NP40 supernatants of various developmental stages of P. jalcrparmn. Molecular weights are indicated in k-daltons on the 
left. 
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first infection, precipitate mainly antigens from the 
schizont preparation, although the African immune 
sera precipitate the characteristic 76,000 dalton 
polypeptide from the ring and trophozoite prepar- 
ations. Some polypeptides from the schizont 
preparation are selectively precipitated by the 
African immune serum. Their apparent molecular 
weights are 200, 137 (double bands), 115 (double 
bands) and 76 k-daltons. The polypeptides of 
molecular weights 200, 137 and 115 are specific 
for the schizont stage. The 200 and 137 k-dalton 
polypeptides were selectively precipitated by most 
of the African immune sera analysed. Inter- 
estingly, the serum from the individual recovering 
from a first infection reacted with two polypeptides 
not recognized by the serum from the African im- 
mune sera, one of which had an apparent molecular 
weight of 82 k-daltons. This polypeptide was 
also precipitated by half of the sera from people 
living in areas endemic for malaria. 
This report demonstrates that the incorporation 
of 3sS-methionine in I>. falciparum polypeptides is 
maximum at the trophozoite and schizont devel- 
opmental stages. Since mature erythrocytes do 
not synthesize proteins, all radioactive proteins 
from the labelled preparations are of parasite 
origin. Some polypeptides are characteristic or 
stage specific. Our results in this respect confirm 
and extend the earlier results of KILEJIAN (1979). 
We also detected a schizont-specific polypeptide 
of molecular weight 82 k-dalton which may be 
analogous to the 80 k-dalton polypeptides associ- 
ated with knobs (KILEJIAN, 1979). 
It is known that sera of adults living in areas 
endemic for malaria have precipitating antibodies 
against malarial antigens present in ti;e serum of 
infected individuals and that there is a relation- 
ship between the presence of some of these anti- 
bodies and the degree of immunity (WILSON et al., 
1969. 1975: MCGREGOR & WILLIAMS. 19781. 
We fbund similarly that sera from adults hving ih 
endemic areas but not from individuals recovering 
from a first infection selectively recognized schizont- 
specific antigens. There is thus a qualitative 
difference in the antibody response toward antigens 
of the erythrocytic cycle of I’. falciparum between 
adults living in endemic areas and adults re- 
covering from a first infection. It is possible that 
the antigens specifically recognized by adults 
living in endemic areas are poorly immunogenic, 
and that repeated infections are needed for the 
induction of an antibody response against them. 
Most of the polypeptides synthesized during 
the schizont stage of I’. falciParzm are likelv to be 
- _ - present in merozoites since schizonts release 
merozoites after rupture of the parasitized RBC. 
There are two main limitations to this approach: 
(a) although supernatants used in the immuno- 
precipitation experiments contain more than 85”, 
of the radiolabelled material, the possibility that 
some of the polypeptides are not solubilized cannot 
be excluded; (b) the localization of the immuno- 
precipitated antigens in the organism cannot be 
determined since our antigenic preparations con- 
tained both cytoplasmic and membrane-associated 
polypeptides of a given developmental stage. 
Evidently, polypeptides expressed on the surface 
of schizonts and merozoites are more likely to play a 
role in immune defence mechanisms of the host. 
With the above limitations in mind, it can be 
postulated that the P. falciparum polypeptides 
recognized specifically in the schizont preparation 
(MW 200, 137, 115 k-daltons) by sera from adults 
living in endemic areas are present in the merozoites. 
Further work is also in progress to purify these 
polypeptides and to assess their possible role as 
antigens, which may be involved in protective 
immune responses toward the erythrocytic stages of 
P. falciparum. 
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